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Environmental Embrittlement of 17-4 PH Martensitic Stainless Steel

and Its Prevension
Toshinori OzAKI and Yuichi ISHIKAWA

Synopsis :

Environmental embrittlement of 17-4PH martensitic stainless steel castings for sea water use is studied.
Failure analysis, stress corrosion cracking test, and crevice corrosion test yield the following results.

1) It is suggested that failure of the 17-4PH steel sliding contact components may be due to the hy-
drogen embrittlement cracking initiated at pits. Furthermore it seems that a rather high frequency of fail-
ure occurrence in an initial few year period may be caused by the initial presence of some factors responsi-
ble for the failure.

2) The cracking susceptibility persists at an applied stress lower than 15kgf/mm? when the hardness of
the steel exceeds HV=2310. On the other hand when the hardness is lower than 310, the steel remains un-
cracked even at an applied stress higher than 60 kgf/mm?. The cracking susceptibility is slightly affected
by chemical composition and microstructure of the steel.

Based on these findings, following countermeasures are taken. The steel should be aged so as to be the
hardness below 310 HV and the compressive stress is induced at the component surface by shrink fitting.
Moreover the injection of fresh water into a shaft casing during the shut-off period is recommended.

No failure has been reported for over ten years since the countermeasures had been adapted.

Key words : stainless steel ; martensitic PH stainless steel ; sea water ; failure analysis ; hydraulic machine ;
stress corrosion cracking; hydrogen embrittlement; crevice corrosion; rate of crack growth; stress in-

tensity factor ; corrosion prevention.
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Fig. 1. A schematic diagram of a mixed flow sea
water pump indicating the location of 17-4PH steel
runner rings and shaft sleeves.
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Photo. 1. - A photograph of a failed run-
.. ner ring a) and cross sectional mi-
crophotograph of the fractured surface b).

a) Localized corrosion near the outer surface
b) Microcracking and pitting beneath the localized
corrosion - )

Photo. 2. Microstructures of the

failed runner ring.
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Photo. 3. Appearance of a shaft sleeve with a

SCC crack.
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Fig. 2. Weibul distribution for SCC failure of
17-4PH steel casting components in mixed flow sea
water pumps (2711 components in 209sets).

Table 1.

for sea water pump.
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Chemical composmon, heat treatments and mechanical properties of the 17-4 PH steel of runner ring

(wt%)
C Si Mn P S Ni Cr Cu Nb+Ta
SCS24 <0.08 <1.0 <1.0 <0.04" <0.03 3.0~4.5 15.5~17.0 2.0~4.0 0.15~0.45
Runner ring 0.07 0.79 0.60 0.017 0.021 3.84 15.54 2.60 —
Heat treatment 850°CX1/2h—A. C, 450°CX4h—A. C
Tensile strength Yield strength Elongation Charpy impact value Hardness
SCS 24 450°C aging >126 kgf/mm’ >105 kgf/mm’ >6% ’ —  HV=360~446
Runner ring 129 kef/mm? — 0.4% 0.9 kgm/cm? HV =406
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Table 2. Chemical composition, heat treatments
and hardness of the 17-4PH steel used in C-ring
type SCC tests.

(wt%)

C Si Mn P S Ni Cr Cu

SCS24 0.07  0.92 0.74 0.015 0.016 3.84 15.61 3.30

P
AEJL

FNotch
—Notch
-

~

a) Overview of C-ring type specimen

“Crack length, £

b) Distribution of FEM element near the notch

No. Solution treatment Aging treatment Hardness (HV)
1A0 316
1B2 450°CX2h — A. C 370
1B4 450°CX4h— A. C 405
1C2 850°CX1/2h— A.C | 500°CX2h— A. C 320
1C4 500°CX4h— A. C 325
1D2 550°CX2h— A. C 290
1D4 550°CX4h—~ A. C 286
2A0 354
2B2 450°CX2h— A.C 418
2B4 450° CX4h—’A C 418
2C2] 1050°CX1/2h— A.C | 500°CX2h— A.C 336
2C4 500°CX4h— A. C 336
2D2 550°C>(2h—'A C 300
2D4 550°CX4h— A. C 288
1120 ’
% 3
£ E
j . 480
k) .
< o
o 40f {0 N\
¥
% i 7 53,4

Crack length,/mm

¢) Distribution of o and K;

Fig. 3. Distribution of nominal stress ¢ and stress intensity factor KI on C-ring type SCC specimen

FEM computation.
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Table 3. Chemical compositions, heat treatments and mechanical properties of the 17-4 PH steel used in
constant strain type SCC tests.
(wt%)
er s . Tensile | Elonga- | Charpy
No. C|Si|Mn| P S | Ni {Cr | Cul|Mo|Nb 35:::1::; tSOIltltm:t Aging strengtlé tion impact, Hardness
reatme (kgf/mm®)| (%) | (kgf/em®)
SCS24 — 146 3.1 0.7 HV=445
0.07]0.89]0.70/0.014/0.019}3.65[15.78]2.70| Tr | —
Se32 1000°C | 1050°C | 450°CX4h | 147 5.3 0.7 |HV=474
X 10h X 1/2h —A.C
SCS 24 —-A.C —-AC
“Nb 0.0810.85]0.65 (0.0270.019]3.90 {16.01{3.050.06 | 0.26 143 3.9 1.1 HV =460
SCS24 ' 1025°CX1h| 575°CX2h _
Mo 0.04|0.64{0.71(0.013/0.011{4.32(17.40(2.36(1.65(0.24 -0.Q SW.Q 96 25.1 22 HV=312
SCS13 [0.07]0.98]0.66 [0.021}0.019] 8.45 19.11/0.06 | Tr | — T — 53 56 32 HV=151
Table 4. Testing conditions for constant strain 5.9

type SCC tests.
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Fig. 4. Crack initiation and propagation charac-
teristics of C-ring type SCC specimens in ambient
3% NaCl solution.
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Fig. 5. Relationship between crack length and test
duration.
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Fig. 6. Crack propagation rate of C-ring type
specimens of several differently aged 17-4PH steel
castings at K;= 90 kgf/mm®? in ambient 3% NaCl
solution and in 42% MgCl, solution at 154C.
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Fig. 7. Relationship between crack propagation
rate and hardness of the 17-4PH steel castings
with different chemical compositions in ambient 3%
NaCl solution.

Photo. 4. Appearance of a C-ring type SCC specimen a), craking morphology b)
and microstructure in the vicinity of the crack tip c).
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Fig. 8. SCC test results of several 17-4PH and
18-8 stainless steel casting in ambient 3% NaCl
solution.
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Fig. 9. Crevice corrosion test results of several
17-4PH steel castings in 3% NaCl solution at 60°C
and in ambient 1% FeCl; solution.
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